We investigated the effect of randomizing different spatial and temporal parameters on saccadic reaction times (SRTs) in five human subjects, to explore the relative occurrence of express and regular saccades. Parameters randomized in various test sessions were: target direction (right/left), intertrial interval, fixation foreperiod and gap duration (two or three different gap durations between 0 and 400 msec) in gap and overlap trials. For the sake of comparison the parameters under consideration were kept constant in non-random control sessions. We found that express saccades were still present in the random test sessions but their relative frequency (and the number of regular saccades) obtained in a given test session depends on the type of randomized parameters: randomizing the intertrial interval or the fixation foreperiod in the gap task yielded modest but significant changes in the SRT distributions, express and fast regular saccades being present in both the control and the random conditions. Randomization of the fixation foreperiod in the overlap task, on the other hand, caused a quite drastic increase in the SRTs. Randomization of gap and overlap trials did not cause considerable effects on express and fast regular saccades in the gap trials, and the SRTs in the overlap trials were significantly increased only in two subjects. When two or three gap durations were randomly interleaved, we found effects that ranged from "negligible" (usually for the longest gap in a given test session) to highly significant differences as compared with the corresponding control condition. The results suggest that express saccades---as fast regular saccades--are visually guided saccades which occur when a certain state of saccade preparation has been reached before target onset. This state depends on the amount of activation in the brain structures involved in the control of attention and fixation, and the decision processes involved in saccade preparation.
INTRODUCTION
Earlier studies of the characteristics of saccadic eye movements have randomized several stimulus parameters to reduce spatial and temporal predictability of target appearance, and to prevent their subjects from producing unwanted anticipatory reactions. One common attempt to control anticipation is the randomization of stimulus foreperiods, another one is the introduction of catch trials (Pavel, 1990) .
Recent reports, however, have shown that randomization can introduce additional specific effects rather than just reduce the amount of anticipation. Evidence for such intertrial effects on saccadic reaction times (SRTs) comes from recent experiments of Wolf (1991, 1992) . They investigated the effect of introducing catch trials into their trial sequences on saccadic latencies in go/no go decisions. Using the gap paradigm, in which a temporal pause is introduced between the offset of a central fixation point and the onset of a tTo whom all correspondence should be addressed. peripheral target, the authors found that the strength of different modes of SRTs--the regular saccades and the express saccades (Fischer, Weber, Biscaldi, Aiple, Otto & Stuhr, 1993 )--depended clearly on the proportion of the catch trials. The relative occurrence of express saccades was reduced on trials that followed a catch trial as compared with trials which followed normal trials.
Models of saccadic programming suggest that the preparation of a visually guided saccade requires the cooperation between several brain processes (Becker & Jiirgens, 1979; Fischer, 1987; Fischer & Weber, 1993a) , such as the disengagement of attentive fixation, the decision to make a saccade and the evaluation of its spatial parameters. Some of these processes can be associated with the observed three main modes of slow regular, fast regular and express saccades (Mayfrank, Mobashery, Kimmig & Fischer, 1986; Mayfrank, Kimmig & Fischer, 1987; Jiittner & Wolf, 1992; Fischer et al., 1993; Fischer & Weber, 1993b) . Using the appropriate paradigm it is possible to enhance the occurrence of one or the other of these modes: the gap paradigm favours the presence of express and fast regular saccades [this effect depends on the duration of the gap (Mayfrank 2615 (Mayfrank et al., 1986 ]. When the central fixation point remains on, however (overlap paradigm), slow and fast regular saccades are more prominent (Fischer, 1987; Fischer et al., 1993) . Fischer and Ramsperger (1984, 1986) found that human express saccades (and the corresponding bimodal distributions of express and fast regular saccades) persist despite randomization of either the fixation foreperiod (between 1 and 3.5 sec), or different gap durations (200 and 220 msec). They could demonstrate that express saccades are triggered exclusively by the target onset by showing that the peak of express saccades occurred always after the same time delay (~ 100 msec) following target onset, regardless of the randomized gap and fixation durations. Contrary to these findings several research groups have claimed that human express saccades have always been obtained under experimental conditions that enabled the subjects to make spatial and/or temporal predictions about the appearance of the saccade target (Kowler, 1990 , Cameron, Albano & Lennie, 1993 Schall & Hanes, 1993; Vitu, 1993; West & Harris, 1993) . They have argued that preventing the subjects from making any predictions--by randomizing at a high rate the timing and the location of target occurrence---would delay the SRTs and abolish the occurrence of express saccades. Other investigators, on the other hand, obtained express saccades under randomized spatial and temporal conditions in human observers (Cavegn, 1993; Nothdurft & Parlitz, 1993) and in monkey (Rohrer & Sparks, 1993) .
Taking up this controversial point in the present study, we have asked whether preventing the prediction of target occurrence (by randomization) per se would affect the distribution of the SRTs, or whether randomizing different specified parameters might produce differential and specific effects. For this purpose we randomized in the same test session target direction and temporal onsets. SRTs were analysed from the different types of trials separately. In the first series of test sessions, the fixation foreperiods (as in the work of Fischer & Ramsperger, 1986) and also the intertrial intervals were randomly varied in the gap condition, and variable fixation foreperiods were also applied in the overlap condition. In another test session, trials with gap and overlap conditions were randomly interleaved in the same session. Finally, in another series of test sessions, we employed various combinations of two or three different gap durations in random order. If the occurrence of express saccades were explicitly dependent on the predictability of the target onset, randomization should disrupt the subject's ability to generate express saccades. If, on the other hand, both express and regular saccades are visually triggered, but generated through different neural pathways depending on the activation of the particular brain structures involved in saccade preparation (see above), then randomization of different specified stimulus parameters should differentially affect this activity and consequently modulate the SRT distributions in a specific way.
METHODS

Subjects
Five adult human subjects (SG, HS, MB, BF and HW, age between 30 and 50 yr) participated in all control and test sessions of this study. Two of them (SG and HS) were naive with respect to the goal of the present study, the other three subjects are the authors of the paper. All subjects were trained in the standard gap task (see below), and produced large numbers of express saccades in this task. Trained subjects were used because they reliably produce constant SRT distributions in the standard paradigm, which served as the basic control data. We could thus be sure that any changes in the SRT distributions obtained in the random sessions would result from the respective test condition, not from training effects (Fischer & Ramsperger, 1986) .
Stimulus presentation
The visual stimuli, consisting of a central red fixation point (Fp, 0.1 × 0.1 deg) and white target stimuli (S~, 0.2 × 0.2 deg) on a 20 × 15 deg green background, were generated by a computer and presented on an RGB colour monitor using a high resolution graphic interface (mirograph 510). Target onset time was synchronized to the screen (frame rate 83 Hz), also taking into account the constant time delay between the synchronization pulse and the horizontal level at which the stimuli were presented. The luminance of all stimuli was well above perceptual threshold (Fp and S,, 50 cd/mZ; background, 10 cd/m:). Viewing distance was 57 cm.
Eye movement recording and analysis
Eye movements were measured by an infrared reflection method (Skalar Medical Iris System) with a temporal resolution of l msec and a spatial resolution of 0.1 deg. SRTs were detected online by velocity threshold detection and presented as a histogram using a binwidth of 10 msec. The following saccade parameters--reaction time, amplitude, maximal velocity and duration of a maximum of two saccades within 700 msec after stimulus onset--were determined offline on the basis of the A D-converted eye position signal stored on the computer's hard disk.
('alibration
Before the start of each experimental session, the subjects fixated a small fixation stimulus, which could be moved manually by the experimenter, using a computer mouse. Both the fixation stimulus and the position of the eye movement signal were represented superimposed on the computer screen. The stimulus was moved 15 deg to the left and right of the centre of the screen and the subjects were instructed to track it. To achieve a gain of the eye movement signal of 0.3 V/deg we amplified the signal until it corresponded linearly to the respective position of the fixation stimulus on the screen. Supposing that the subjects on the average had fixated the target correctly after a maximum of two saccades, we multiplied all amplitude and velocity values after offline analysis of the data by a factor to achieve a mean value corresponding to the respective target position. This factor usually had a value between 0.98 and 1.02, thus confirming the good quality of the online calibration.
Types of control and test sessions and saccade tasks
Our basic saccade tasks were the standard gap and the standard overlap task. In both tasks we used an intertrial interval of 1 sec. In the standard gap task the fixation point was extinguished 1 sec after its appearance (= 1 sec fixation foreperiod). After a gap of 200 msec the target appeared randomly at 4 deg to the left or right and remained on for 800 msec. In the standard overlap task the target appeared randomly at 4 deg to the left or right, 1.2sec after fixation point onset (=l.2sec fixation foreperiod) and remained on for 800 msec. The fixation point was extinguished together with the target at the end of the trial. The temporal parameters were always kept constant in these tasks, which served as controls for the tests with randomized temporal parameters. The data from a session with the standard gap and the standard overlap task respectively, served as control data.
Four different temporal parameters were subjected to randomization:
--Intertrial interval: the gap task was used. We randomized intertrial intervals of 1, 2 and 3 sec in one test session.
--Fixation foreperiod: we randomized fixation foreperiods of 1, 2 and 3 sec. In one test session we employed the gap condition, in another test session the overlap condition (in the latter case the target direction was kept constant at 4 deg to the right).
--Gap~overlap: standard gap and standard overlap trials were randomized within a session. In one test session the target direction was also randomized between left and right, in a further test session it was kept constant to the right side. In each session only one particular temporal parameter was subjected to randomization. The other temporal parameters were kept constant and corresponded to those used in the standard tasks. In all sessions 75 trials were run for each of the randomized conditions. The subjects were instructed to fixate the fixation point and to look at the target when it appeared. They were not encouraged to respond as fast as possible. The subjects performed the different sessions in a pseudorandom order.
Data analysis
For the identification of anticipatory saccades we made use of the occurrence of direction errors. In agreement with earlier investigations (Wenban-Smith & Findlay, 1991; Fischer & Weber, 1993a) we found that all direction errors occurred with SRTs below about 80 msec. This value was therefore taken as the upper reaction time limit for the presence of anticipatory saccades, and as the lower limit for visually guided saccades.
For the statistical comparison of the SRT distributions in control and test sessions we used a two-tailed Kolmogorov-Smirnov test. The statistical test value D results from the comparison of the cumulative distribution functions. It is defined as the maximal difference between these two curves. We determined the critical D value for a probability level of 0.05 (~ value = 0.05). Control and test SRT distributions were considered significantly different, if the corresponding test D value exceeded this critical value. To allow for a more detailed interpretation of the statistical significance, we looked directly at the difference between the critical and the statistical test D values: for differences ~<0.05 we considered the corresponding distributions to be slightly different, and for differences > 0.05 to be considerably different. The corresponding statistical results are marked by asterisks or daggers in the tables. Figure 1 shows the data of the five subjects after training with the standard (200 msec) gap paradigm. Three subjects (SG, HS and MB) produce rather symmetric reaction time distributions with almost unimodal peaks of express saccades to both the left and the right side, centred around 100msec (or slightly faster for subject MB). The other two subjects (BF and HW) produce also almost exclusively express saccades to the right target. With the target presented at the left side, however, their reaction times are different: BF shows a bimodal distribution of express and fast regular saccades. For subject HW the fast regular saccades predominate and there is considerable overlap between the express and the fast regular saccades.
RESULTS
Control data
The data from the standard overlap paradigm are presented in Fig. 2 . Comparison with the data of Fig. 1 reveals a clear gap effect for all subjects: express saccades are now largely absent, with the exception of some express saccades that occur to the left side in subject HS and to the right side in subject MB. The SRT distributions are dominated by fast regular (at about 150 msec) and slow regular (at about 200 msec) saccades. Only subject SG produces faster latencies (mostly < 150 msec) to the right side.
Randomization of the Intertrial Interval and the Fixation Foreperiod lntertrial interval
Three different intertrial intervals of 1, 2 and 3 sec were used in the gap task. Table 1 gives the results from the statistical evaluation for all five subjects separately. In all subjects the comparison of the data from the three randomized types of intertrial intervals reveals no FIGURE 2. Same format as Fig. 1 , data from the standard overlap task. 300 significant differences for left or right directed saccades; the only exception is obtained for subject BF whose SRTs to the right were slightly different in the 1 and 2 sec cases. The statistical comparison of the control data and the (physically identical) test data with the l sec interval reveals significant differences for left and right directed saccades in three subjects; as for the remaining two subjects, subject HS shows significant effects only with the right directed saccades, while MB shows no effects at all. In all cases reaching significance, the differences resulted from a slight decrease in the occurrence of express saccades in favour of fast regular saccades in the SRT distributions of the randomized condition (data not shown) as compared with the control data.
Fixation joreperiod
We investigated the effect of randomizing the fixation foreperiod with both the gap and the overlap task. Three clearly different fixation foreperiods of l, 2 and 3 sec were randomly mixed. As an exception, in the overlap task the target direction was kept constant at 4 deg to the right, because in this case all subjects made some express saccades in the control condition with a foreperiod of 1 sec. Figure 3 presents the SRT data from three of the five subjects (the two naive subjects and one of the For the right directed saccades the express peak is also shifted, but in addition some fast regular saccades occur, making up either a small separate peak (1 and 3 sec foreperiod) or being attached to the right flank of the express peak (2 sec foreperiod). The SRTs of subject HS [ Fig foreperiod changes this distribution drastically: not only SRTs below 150 msec disappear almost completely in each test condition, but also all SRTs below 200 msec are considerably reduced. Moreover, the distributions in the three randomized conditions are also different: SRTs are slowest with 1 sec fixation foreperiod, and decrease again in the 2 and the 3 sec foreperiod condition (see mean SRTs in the corresponding panels). This result was also found in the other three subjects (HS, BF and HW), where the fast regular saccades were clearly reduced in the random case. This is clearly confirmed by the statistical analysis [Table 2(B)]: for all subjects except SG the distributions in the 1 sec/2 sec, and the 1 sec/3 sec foreperiod conditions are significantly different.
Gap task.
Randomization of Gap and Overlap Trials
In this experiment the subject did not know whether in a given trial the onset of the target would be preceded by the offset of the fixation point (as an external trigger for saccade preparation) or not. Two test sessions were employed: in the first one the target appeared randomly to the left or right in order to introduce directional uncertainty, in the second one we kept the target direction constant at 4 deg to the fight to explore the effect of randomization upon the occurrence of express saccades in both gap and overlap trials. In each session the fixation foreperiod and the intertrial interval were kept constant at 1 sec. Randomized target direction Figure 5 shows the SRT distributions from the test and the control sessions for two of the subjects. The results from the statistical analysis are summarized in Table 3 (A) for all subjects.
Overlap trials. Inspection of the overlap control data of subject SG [ Fig Gap trials. In subject SG the SRT distributions for saccades to the right and to the left target of both the control and the test session are dominated by the express peaks centred at about 100 msec in both the control and the test session [ Fig significant effects are obtained also for the right SRTs in HS and BF [ Table 3(A)] . Thus, in general, randomization of gap and overlap trials causes only weak effects on the SRT distributions. The most prominent finding is a delay of the overlap latencies in some of the subjects (SG, MB and HW).
Constant target direction
The results from the statistical evaluation are presented in Table 3 (B) for all subjects.
Gap trials. In all subjects the SRT distributions (not shown) consisted of a large peak of express saccades, and a number of anticipatory saccades before 80 msec. In the random situation no effects are obtained with the gap data of subject HW and MB. In the other subjects we observe significant differences between control and test data. Considering the SRT distributions (not shown) this result is due to an increase in the number of anticipatory saccades, while the numbers of express and fast regular saccades are slightly decreased.
Overlap trials. The SRTs of the control data of all subjects (not shown) consisted of multimodal distributions of slow and fast regular saccades, express saccades and some anticipatory reactions [cf. Fig. 4(A) ]. In the random case there is again no effect for the data of subject HW. The other subjects show significant effects resulting from an increase of the mean SRTs in the test as compared to the control data (not shown), due to a decrease in the frequency of the express saccades in favour of slow regular saccades. 
Randomization of Different Gap Durations
The effect of a given gap duration was first tested in separate sessions (non-random controls: five sessions with constant gap durations of 0, 100, 200, 300 or 400 msec), all other parameters corresponded to those of the standard gap task. The corresponding data are shown in Fig. 6 , 7 and 8 for three subjects. Subject SG (Fig. 6) produces almost exclusively fast regular saccades with SRTs between 120 and 180 msec in the gap 0 msec. Clear, unimodal peaks of express saccades at about 100 msec are present to both the left and the right side with gap durations of 100 and 200msec. With the 300 msec gap, these peaks are shifted by about 10 msec towards longer latencies. In the 400 msec gap session, some fast regular saccades occur either in a small separate peak (left SRTs) or attached to the right flank of the express saccades (right SRTs). Subject HS (Fig. 7) produces also mostly express saccades to both the left and the right side with the 200msec gap. While a unimodal express peak is also observed for the left SRTs in the 100 and 300 msec gap conditions, right directed saccades make up bimodal distributions of express and fast regular saccades with these two gap durations. With the 400 msec gap, the distributions are bimodal to the left and the right side. In the gap 0 msec session, subject HS exhibits an almost single peak of fast regular saccades to the right, while the fast regular peak to the left is fused with some express saccades at its left flank. Also subject MB (Fig. 8) These data show that although the SRTs obtained in the standard 200 msec gap paradigm are very similar for most of the subjects (see Fig. 1 ), individual differences between subjects, and left right asymmetries for single subjects, become obvious when different gap durations are tested. 200 msec trials this subject produces unimodal peaks of express saccades to the left and to the right side.
Combination of two gap durations
Comparison with the gap 100 msec and gap 200 msec control data (Fig. 6) , reveals a modest but significant difference only for the right gap 100 msec trials, where the express peak is slightly faster in the randomized case [ Table 4 (A)]. The results from subject HS are presented in Fig. 9 (Ba). With the left directed saccades in the gap 200 msec trials there is again--as in the control--a single express peak. With the right SRTs, however, there is an increase of the fast regular saccades in comparison with the non-random control (Fig. 7) . This effect is even more pronounced with the gap 100msec trials: again the distributions of left directed saccades are dominated by a clear express peak in both the random and the control condition, with the right directed saccades, however, a considerable decrease is observed in the random case. Nevertheless, the statistical evaluation reveals significant differences for each of the comparisons [ Table 4 (A)]. Figure 9 (Ca) gives the data for subject MB. Inspection of the test and the control data (Fig. 8) In general, the effects obtained in this random gap condition are rather weak in most subjects (SG, MB and BF). The other subjects (HS and HW) show more pronounced effects to the side where fewer express saccades are observed in the control conditions (HW, left side; HS, right side).
Random gap 200/400msec, Figure 9 (Ab) shows the data for subject SG. With respect to the gap 200 msec trials extracted from the mixed condition and the corresponding control (Fig. 6 ), a clear shift of the express peaks by about 15 msec is observed in the mixed condition. A comparison of the gap 400 msec trials from the test condition with the non-random gap 400 msec control indicates that the number of fast regular saccades decreases in the mixed condition, and the number of the express saccades increases. These findings are symmetrical for left and right directed saccades. The difference control-test is highly significant for the gap 200msec trials and modestly significant for the gap 400 msec trials [ Table 4 (B)]. The data from subject HS are presented in Fig. 9 (Bb). For the gap 200 msec trials, a clear decrease of express in favour of fast regular saccades is observed in comparison with the control data ( Fig. 7) , which is much more pronounced for the right directed saccades. With the gap 400 msec trials, there is only a weak effect with the left directed saccades, which show a slight decrease of the express population as compared to the non-random control. These effects are reflected by the statistical results [ The general tendency in this mixed condition is that the SRTs obtained with the longer gap duration (400 msec) are similar to those observed in the control condition, while those with the shorter gap duration (200msec) are more drastically affected. When compared to the effects in the random 100/200msec condition, the effects in the random 200/400 msec condition are much more pronounced. 
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FIGURE 8. Same format as Fig. 6 ; data from subject MB. . The results of the other subjects show some individual differences. While subjects SG and MB show dichotomous effects with left and right directed saccades, HS exhibited significant effects for all conditions compared. In the gap 0/200 msec combination the results reveal also considerable individual differences: subject SG shows almost no effects at all; in subjects HW and MB significant effects are present with gap 200 msec data (where a decrease of express saccades occurs in the random case as compared to the control); subjects BF and HS show pronounced effects mostly in the gap 0 msec condition, which consist in a latency increase in the random condition. Table 4 (A); statistical results from the test session with randomized gap durations of 200 and 300 msec and random target direction to the left and right.
Same format as
Combinations of three gap durations
We tested two combinations of three gap durations in two different sessions: randomization of gap 0/200/400 msec trials, and of gap 100/200/300 msec trials. Table 5 presents the results from the statistical evaluation of both three-gap-combinations for all five subjects. Figure 10 shows the distributions of SRTs obtained with three of the subjects in the gap 0/200/400 msec session. The SRT data from subject SG are given in Fig. 10(A) . This subject shows essentially similar results in the gap 0msec trials as compared with the non-random control (Fig. 6) . The express peaks in the 200 msec trials are shifted by about 10msec, while the SRTs of the 400msec trials are decreased by up to 10msec in the random case, in comparison with the control data (Fig. 6) . Both effects are significant [Table 5(A)]. Subject HS, whose SRT data are shown in Fig. 10(B) , shows clear effects with the gap 0 msec and the gap 200 msec in the random case: in the 0 msec gap trials the fast regular saccades are decreased in favour of slow regular saccades, in the 200 msec gap trials the express saccades are reduced in favour of the fast regular saccades as compared with the control data (Fig. 7) . These effects are more pronounced with the right directed saccades. For the 400 msec trials, there is only a slight shift of the rightward going SRT data. These observations are reflected by the statistical analysis shown in Table 5 (A). Figure 10 (C) depicts the SRT data from subject MB. Also this subject shows clear effects for the gap 0 msec and the gap 200 msec trials in the mixed case as compared to the control data ( Fig. 8) : a considerable increase in latency occurs in the mixed gap 0 msec trials; the SRTs of the 200 msec trials become clearly bimodal. For the 400 msec trials, there is also a reduction of express saccades in favour of fast regular saccades. The other two subjects show a similar tendency: significant effects are obtained mostly with the shorter gap durations included in the sample, while the SRTs of the longest gap in the sample are not--or only slightly--affected. Random gap l O0 / 200 / 300 msec. The statistical evaluation of this test session is given in Table 5(B). As in the previous three-gap-combination, the SRT data with the longest gap in the sample are least affected by the randomization, while the SRTs with the shorter gap durations are significantly different from the corresponding non-random controls (with the exception of subject
Random gap O/200/400msec.
MB).
Thus the general result is again (and even more explicitly than in the two-gap-combinations) that the SRTs obtained with the longest gap duration in a given combination are mostly unaffected by randomization with shorter gap durations, while the SRTs for the shorter ones (and mostly for the shortest gap) are delayed. This general tendency was observed in all five subjects, despite some individual differences.
DISCUSSION
In the present study we have investigated the effects of randomization of specified temporal parameters on SRTs. From our results it becomes quite clear that human express saccades can be observed in all types of randomization used here. This finding agrees with that of Rohrer and Sparks (1993) , who showed that express saccades can be elicited in monkeys under randomized spatial and temporal conditions. These authors provided clear evidence for the notion that express saccades are visually guided, and that they are neither the result of the prediction of time or location of target occurrence, nor the result of prepared motor programs (Kowler, 1990) .
Furthermore, our study reveals rather characteristic effects on the distributions of SRTs with respect to the occurrence of the different modes of saccades, i.e. anticipatory, express, fast and slow regular saccades. These effects, however, did not simply result from reducing the temporal predictability of target onset (due to randomization), they were instead strongly dependent on the particular types of parameters that were mixed in a given test session.
While randomizing the intertrial interval caused rather weak effects in some of the subjects, randomization of the fixation foreperiod in the gap task revealed a slight but clear decrease in the rate of express saccades in the random session as compared to the standard gap task. This finding parallels the results from another experiment, where the intensity of the subjects' attentive fixation was manipulated and measured by a discrimination performance task (Fischer & Weber, 1994) . In this experiment the colour of the central fixation point was changed continuously in random order between red, blue and violet. All other parameters corresponded to the standard gap task used also in this study. The subjects were instructed to attend to the fixation point during the entire fixation foreperiod and to report (by a three-alternative forced-choice task) after the end of each trial the colour that was present at its offset. Subjects reached > 90% correct responses in this task, and there occurred a significant reduction of express saccades as compared to the control standard gap task, even though the fixation point was turned off 200 msec before the saccade target was presented. This suggests that the intensity of attentive fixation (in particular at the moment of fixation point offset) can affect the wellknown gap effect: the offset of the fixation point facilitates preparatory processes which have the chance of being completed during the gap before target onset. One of these processes is the disengagement of attentive fixation from the previous fixation target, and another one is the process of the decision to make a saccade. If both processes can be terminated prior to the onset of the visual target, only the saccade metrics must be determined after target onset and the resulting saccade is an express saccade (Fischer, 1987; Fischer et al., 1993; Fischer & Weber, 1993a) . These results suggest that the actual strength of the gap effect can be influenced by the intensity of fixation at the moment of fixation point offset, the actual SRT distribution resulting from a superposition of the actions of all these components. It must also be assumed that in the standard gap task the intensity of attentive fixation declines already before the offset of the fixation point. Since the same effect was obtained with the random fixation foreperiod in the gap task it is likely that the same mechanism is operating in this case: subjects are also forced to maintain attentive fixation at the fixation point until its offset.
A probable neurophysiological basis for these findings comes from the investigations of Munoz and Wurtz (1993a, b) who reported a direct relationship between the activation of a particular type of neurons and the corresponding reaction times of saccades: these authors reported the existence of a fixational system in monkeys, manifest by the fixation neurons in the rostral part of the superior colliculus. These cells have foveal receptive fields and are particularly activated during attentive fixation (Munoz & Wurtz, 1993a) . Munoz and Wurtz (1993b) suggest that the engagement and disengagement of attention might result from a modulation of the activity of the fixation cells. Activation of these cells exerts an inhibitory effect on the collicular saccade cells, chemical deactivation on the other hand leads to a situation where the animal makes only express saccades to suddenly appearing stimuli (Munoz & Wurtz, t993b) .
The collicular fixation cells probably provide the neural substrate for the dead zone of express saccades (Weber, Aiple, Fischer & Latanov, 1992) , i.e. the finding that small saccades cannot be of the express type. Since the dead zone has been observed in both man and monkey, it is likely that a similar fixation system exists in man. Recently, it was found that the activity of the fixation neurons decays after the offset of the fixation point in the gap paradigm, while the activity of a certain type of saccade cells, the so-called build up or preparatory cells, increases (Munoz & Wurtz, 1992 , 1993c . A similar gap discharge has also been described for visuo-movement cells in the frontal eye fields (Dias & Bruce, 1994) . The strength of the discharge rates of these different types of neurons--the fixation cells and the preparatory cells--and their dynamic interaction, reflects the intensity of attentive fixation and the build up of attention disengagement from the (previous) fixation target. Considering these underlying neuronal activities, it is also clear that these processes are not all-or-nothing events, but have the same dynamic properties as the corresponding neural substrates. In contrast to the gap data, we obtained a really striking effect with the randomized fixation foreperiod in the overlap task. Our control overlap data with constant fixation foreperiod (1 sec) consist of multimodal distributions of express, fast regular, slow regular and some anticipatory saccades. The occurrence of express and fast regular saccades in the overlap task has been explained by the subjects starting their saccade preparation prior to the onset of the target without the help of an external trigger (Fischer, 1987; Fischer et al., 1993; Fischer & Weber, 1993a; Reulen, 1984a, b) : in case of an express saccade both the disengagement of attention from the fixation point and the decision to make a saccade could be accomplished before target onset, in case of a fast regular saccade only one of these processes could be completed. All express saccades and most of the fast regular saccades disappear when the foreperiod is randomized. This situation prevents the subjects from internal saccade preparation such that all of these processes are started after target onset. Moreover, in this experiment the SRTs with the different foreperiods were found to be significantly different in four of the subjects:
with the shortest foreperiod we obtained the longest SRTs, and these were delayed even beyond the mean latency of slow regular saccades (200-250 msec).
The finding of decreased reaction times with increasing foreperiods agrees with earlier reports (Findlay, 1981) and has been attributed to a mechanism responsible for the "onset timing" of the saccade (Jfirgens & Becker, 1975; Becker & Jfirgens, 1979) . Findlay suggests that such foreperiod effects result from an increasing activation in the onset timing pathway with progressively longer foreperiods, allowing a visually guided saccade to be triggered at an earlier point when the timing pathway activation is higher (Findlay, 1981) . Regarding the present data, one might suppose that this pathway has to do with the intensity of the subject's attentive fixation, and thus may again have its neural basis in the activity of the collicular fixation system. Our results suggest that this activity is not constant, but depends dynamically on the longest foreperiod included in a given test session. As the shortest SRTs were obtained always with the longest foreperiod, it must be assumed that this activity and correspondingly the intensity of attentive fixation decreases successively towards the end of the foreperiod.
Our results suggest that in the overlap condition, the obtained SRTs are primarily affected by the intensity of attentive fixation at the moment of target onset. In the gap condition the gap effect on saccade preparation is also influenced by the intensity of attentive fixation during the foreperiod; the gap effect remains, however, the dominant effect, which becomes clear by the occurfence of express saccades in all randomized conditions. The presence of more anticipatory saccades with progressive foreperiods (Pavel, 1990) has been explained by an increased probability of the event of target onset with increasing foreperiod time. The expression of the conditional probability as a function of time is defined as the hazard function. It may be assumed that the hazard function is relevant also for visually guided saccades and that it reflects inversely--the intensity of attentive fixation.
Randomization of gap and overlap trials causes only weak, or no effects at all, on the results collected in the gap condition, but the SRTs in the overlap trials were significantly delayed in some subjects. It is likely that the attention/fixation mechanisms responsible for the foreperiod effects may as well account for the gap/overlap effects. With respect to the overlap control data, the constant fixation foreperiod allows the disengagement of attentive fixation (as part of the saccade preparation) to begin prior to target onset, allowing a number of fast regular saccades to occur. In the gap control condition the intensity of attentive fixation during the foreperiod plays a smaller role: the saccade preparation is initiated primarily by the external trigger of fixation point offset. Moreover, it must be assumed that in the gap condition a higher intensity of attentive fixation is maintained more constantly throughout the duration of the foreperiod than in the overlap situation, presumably in order to prevent anticipatory responses.
if gap and overlap trials are mixed, the different effects interfere with each other, and once again the gap effect is dominant: in the overlap trials the number of fast regular saccades decreases, while that of slow regular saccades increases. This means that the chance of a saccade preparation without any external trigger during the fixation foreperiod declines in the mixed case, due to a higher intensity of attentive fixation which is now maintained in all trials.
Finally, we consider the random mixture of different gap durations and the corresponding control data: even though all subjects were trained with a gap of 200 msec only, the data shown in Figs 6, 7 and 8 reveal that express saccades are present also with the other (untrained) gap durations. In particular subject SG produces almost exclusively express saccades with gap durations of 100, 200 and 300 msec to the left and to the right side, while subject HS and MB show asymmetrical effects: HS makes always more express saccades to the left side, while MB shows the reverse. Subject BF (data not shown) produces even more express saccades with a gap of 100msec than with the trained 200msec gap. These data demonstrate that the result of training--and the occurrence of express saccades--is not an adaptation to a precise temporal cue provided by the fixed time between fixation point offset and target onset. The results rather suggest that training allows the maturation of a particular time course of saccade preparation, which shows interindividual differences between subjects, and which may even have different dynamics for saccades to the left or the right side. Since SRTs are faster to the right side in some subjects, and to the left in others (Zeevi, Wetzel & Geri, 1988; Weber & Fischer, 1995) , it is unlikely that reading practice can account for these asymmetries. However, as reported by Pirozzolo and Rayner (1980) , there exists a relationship between asymmetries of saccade latencies and handedness.
The individual dynamics of saccade preparation in the different subjects may provide the basis of the specific effects obtained with the randomized gap durations. For instance subject MB usually shows in the random conditions a decrease of express in favour of fast regular saccades mostly to the (left) side, where less express saccades occur in the non-random control sessions. For subject SG, on the other hand, there is often a slight shift of the express peak to longer values in the randomized conditions. Interestingly, the same effect may be present in the data of Rohrer and Sparks (1993) : the latencies of the express saccades produced by their monkeys under randomized conditions are quite long (~>100msec) as compared to those of other studies, where randomization was less extensive (Fischer & Boch, 1983; Schiller, Sandell & Maunsell, 1987; Sommer, 1994) . However, Rohrer and Sparks tested their monkeys only under random conditions, so that a direct comparison of random and non-random data (as in our study) is not possible.
Despite some individual differences in the results from the different subjects, the common finding for most of the random gap tests is that the SRT distribution obtained for the longest gap duration in the sample remains largely unaffected, while that obtained for shorter gap durations undergoes a loss of express saccades. Again, it can be presumed that the intensity of attentive fixation to the fixation point will be increased--or maintained more thoroughly--with increasing gap durations, reflecting the effort to prevent anticipatory responses (in fact, the number of anticipatory reactions is very low also with the long gap durations). In the case of randomized gap durations, the time-course of saccade preparation is the same for all trials and corresponds to that for the longest gap duration. For the trials with shorter gap duration this means that most processes of saccade preparation are not terminated at the moment of target onset, leading to an increased number of regular saccades. However, the results from the random mixture of gap 0 msec and gap 200 msec are not as clear: there are large interindividual differences in the effects within this test session. Nevertheless, the gap 0 msec situation is a condition where--by the simultaneous offset of the fixation point and the onset of the target--all processes of saccade preparation are initiated simultaneously. It may be that the individual differences between the subjects emerge most heavily in this case.
In summary, we propose that the activity in the fixation system modulates the dynamics of the preparatory processes involved in the generation of saccades. This activity appears to be dependent on the total physical context within a given test session. It is likely that the intensity of attentive fixation in a particular stimulus condition might be reflected in the firing rate of the cells in the fixation system, and that the dynamics of saccade preparation have their basis in the interaction between these fixation cells and the preparatory saccade neurons.
Another related finding is that monkeys, searching over an array of spots in order to find a relevant stimulus, the foveation of which elicits the onset of the visual target, have remarkably short intersaccadic intervals (~ 150 msec); moreover, the monkeys make considerable numbers of express saccades to the suddenly occurring target stimulus (Sommer, 1994) . These findings indicate that the monkeys just scan as fast as possible over the non-relevant stimuli without fixating them intensively, or--in other words--their attentional system remains in a state of disengagement (Mayfrank et al., 1986) . This is additional confirmation that the attention and fixation system can adjust itself to the demands of a given task.
